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LOCATION OF CENTER OF PRESSURE OF AIRPLANE WINGS, 



In the first volume of the "Ergebnisse aus der aerodynami9che; 

Versuchsanstalt zu Gfittingen" (Reoults obtained in the GSttingen 

Aerodynamic Laboratory), data are given in considerable detail on 

the resulting air force moment exerted on various wing sections 

different angles of attack. A hydrodynaralc theory, which (on the 

assumption of uniform motion and hence of infinitely wide wings) 

renders it possible to compute this moment as a function of the 

angle of attack, was first published by me in 191? and supplement- 

ed in 1920 ("Zeitschrif t ftir Flugtechnik und Motorluf -fcschif fahrt, " 

1917, pp. 157-163, 1930, pp. 68-73 and pp. 87-89). The Gottingen 

data can well serve to test the theory and it may be remarked in 

dvance that experiment and computation compare very favorably. 

t seems especially noteworthy that a portion of the demonstrable 

agreement is entirely independent of the diminution undergone by 

he air forces in the transition to wings of finite width. 

The theoretical results may be summed up ao follows: Let H 

represent the air density — , v the velocity of the air in the 

6 

wind tunnel (flight speed), and a the "effective" angle of attach 
i.e. the angle between the speed vector and a fixed direction in 
the wing section, so selected that the lift vanishes for a = o 

direction of the first axis of the wing section). Then the lift 
for the unit width of wing 



A = 4 tt |i v 2 a sin a (l) 



* From "Zeitschrift fur angewandte Matheraatik und Jlechanik, February 
922, pp. 71-73. 
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and the moment of the lift for a given pivot has :he value 

li = 2 n p vs & sin 2 (a - 7) (2) 

in which a, c and 7 are certain fixed values of the wing seotion, 
which will bs discussed later. If the pivot is moved from the 
particular position assumed in equation (2), a distance I in the 
direction forming the angle <p with the "first axis" of the wing 
section (Fig. 1), the moment becomes 



Mj = I - A I cos (a - <p) = 
2 v (iv2[c J sin 2 (a. - 7) - 2 a I sinacos (0 - cp)] 



\ (3) 
J 



If we divide A by the chord b and the so-called dynamic 

pressure, i.e. u we obtain the dimensionless "coefficient < 

0 

lift. " 



c a = 



- 2 A 



H v s b 



= 8 n £ sin a 



and if we reduce M, by the square of b and the dynamic pressure 
and change the sign, we obtain Prandtl's "coefficient of moment. ■ • 

C m = - JUL* _ 
5 v 2 b 8 " 



i- 3 a 1 ■ 
tt [ — ysr— sin a cos (a - qp) - —5 sin 3 v<* - 7; J 



By a very simple transformation in the right-hand member of 
equation (5), we can introduce expression 4 and thus obtain the 
formula 

0 m = C a [ I cos (a - cp) - St cos oos (ft - 7)3 • 

- - b ab I (6) 

+ 8 n si 8 i n 7 cos a cos (& - 7) 



which is adapted for comparison with the formula resulting from the 
Gottingen experiments. In all practical cases, a, 7 and 9 are 
such small angles that it is permissible to consider all cosines 
in equation (6) as equal to unity. Hence, equation (6) becomes 



I c 2 c 2 
C m C a - - — + 8 tt ^ sin 7 

b ab b 



le coefficient of moment c m , represented as a function of 
sfficient of lift c a , gives a straight line* If we assume 
that, as a result of the finite width of the wing at every point cxT 
the chord extension, only the \-fold of the forces calculated for 
"uniform motion" is effective (\ <1, about 2/3 for ordinary cases 
and put Cnj 1 * Xc^, c a ' - \c a , equation (?) becomes 



= c a f i - -£ 2 + X 8 tt si sin H 



The inclination of the line c m /c a is therefore independent 



of the diminution factor X. We accordingly recognize in the prac- 
tical agreement of the computed and experimentally determined in- 
clination a touchstone for the theory. 

Fig. 2 represents a wing section, for which all the character- 
istics cf lift and moment have been accurately computed. If we 
choose, as was the case in the GSttingen experiments, the forward 
end of the chord for the center of moments for M lf the dimensions 
determining the inclination of the line have the values 



a ■ 0.44, b ■ 1*62, I = 0.79, c* = 0.1789. 



these the coefficient of o a in equation (?), or c a ' in 
equation (8) , is found to be 0. 237. In order to be able to judge 
of the degree of approximation of equation (7) to the exact equa- 
tion (6) , the precise values of the coefficients of c a in equatio 
(6) are given for the values 7 = 3. 5° and q> - 12° here involved, 
They are for a = 5° 0 C 5° 10° 15° 

0.218 0.227 0.233 0.238 0.242 



The variations are therefore in fact small. 

A glance at the Gottingen report (pp. 83-101) shows immediate 
ly: (1) that all c a 7c m ' lines are nearly straight, excepting for 
a systematic deflection at the smallest angles of attack; (2) that 
all these lines are almost equally inclined, about 4:1, thus 
corresponding to the coefficient 0. 25. 

The theory also teaches that, within the range of the wing 
sections in practical use today, the determining ratios for the 
lines of moment, c : a, b : a, and I : a vary only very slight!- 
The limiting values, which apply strictly only for an infinitely 
thin straight wing section but from which in actual practice there 
is but little deviation, are 

1 b 
a = c - - - - 

2 4 

from which follows the valued. 25 of the coefficient in equations 
(7) and (8), in agreement with the mean experimental value. 

The relation of the position of the line of moments with re- 
ect to the origin of the coordinates is not so clear. The con- 
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'orces, led to the result (see p. 50 of the report) that c^' , con- 
idered a function of c a ' , is practically independent of the as- 
ect ratio. Since, on the other hand, the ratio c a ' : c a depends 
greatly on the aspect ratio of the wing, we are led to conclude frc 
he result of these experiments, that X must equal unity (X = l) i- 
quation (8). Comparison with the wing section in Fig. 3 and others. 



in the Gottingen report does not gainsay this conclusion in the 



leas t. 

We may sum up by saying that the hydrodynami c theory, in closv 
agreement with observation for the relation between the coefficient 
of lift and moment, gives a straight line with the inclination of 
1 : 4, whose distance from the origin of the coordinates increases 
with the camber. The degree of dependence on the camber and the 
possible influence of the aspect ratio of the wing still need to 
be cleared up. 

Translated by the National Advisory Committee for Aeronautics. 



